Although racial disparities in pain care are widely reported, much remains to be known about the role of provider and contextual factors. We used computer-simulated patients to examine the influence of patient race, provider racial bias, and clinical ambiguity on pain decisions. One hundred twenty nine medical residents/fellows made assessment (pain intensity) and treatment (opioid and non-opioid analgesics) decisions for 12 virtual patients with acute pain. Race (Black/ White) and clinical ambiguity (high/low) were manipulated across vignettes. Participants completed the Implicit Association Test and feeling thermometers, which assess implicit and explicit racial biases, respectively. Individual-and group-level analyses indicated that race and ambiguity had an interactive effect on providers' decisions, such that decisions varied as a function of ambiguity for White but not Black patients. Individual differences across providers were observed for the effect of race and ambiguity on decisions; however providers' implicit and explicit biases did not account for this variability. These data highlight the complexity of racial disparities and suggest that differences in care between White and Black patients are, in part, attributable to the nature (i.e., ambiguity) of the clinical scenario. The current study suggests that interventions to reduce disparities should differentially target patient, provider, and contextual factors.
Introduction
Suboptimal pain care is common, especially for Black patients [43] . Several factors contribute to this disparity, including differences in pain sensitivity, patient preferences, healthcare access, and, potentially, provider biases [2, 54] . Explicit biases are conscious and deliberate, whereas implicit biases are automatically activated with little conscious awareness [16, 25, 26] . Several theories of racial discrimination (e.g., [18, 20] ) propose that many individuals simultaneously hold divergent racial attitudes implicitly and explicitly; that is, they consciously disavow biases yet exhibit negative evaluations of Blacks on implicit measures. Contemporary discriminatory behavior is predicted more by individuals' implicit than explicit biases [48] .
Two empirical studies found that implicit racial bias was not associated with racial disparities in pain assessment [28] or treatment [51] . However, these studies were small and, more importantly, may have reduced the effect of implicit bias [5, 57] by using straightforward, unambiguous scenarios portrayed with a written vignette [51] or simple picture [28] . Conversely, situations that increase cognitive load -e.g., situations that are complex and/or ambiguous -elicit greater discrimination [5, 6, 52, 54] . Indeed, ambiguity is a hallmark feature of pain care [7] that affects layperson and provider judgments, such that patients whose pain reports are inconsistent with objective findings are viewed suspiciously and considered to be in less need of treatment [55] . One of the few studies to examine cognitive load and health disparities found that under conditions of high load, providers were more likely to diagnose female patients with depression -a stereotypically female condition [45] . This retrospective study did not allow researchers to manipulate the variables of interest, assess provider stereotyping directly, or control for confounds. Stronger preliminary evidence is provided by Burgess et al [6] who found that male physicians were less likely to prescribe opioids to Black patients under high cognitive load but more likely to prescribe opioids to Black patients under low load; female physicians were more likely to prescribe opioids to Black patients regardless of cognitive load.
While studies have primarily focused on opioid treatment, other important aspects of care may also be susceptible to differential practices across race. Black pain patients may be more often referred for urine drug tests and to substance abuse specialists [29] and denied early prescription renewals [4] . Additionally, Black pain patients may be vulnerable to having briefer face-to-face interactions with their (primarily White) providers [3, 23, 37, 39, 42, 53] . The implications of this time disparity are significant, as face-to-face time predicts patient outcomes, provider satisfaction, and reduced healthcare costs [17, 44, 47] .
The current study used Virtual Human (VH) technology and lens model methodology to examine the role of provider bias and contextual ambiguity in the care of White and Black pain patients. Our primary hypotheses were that (1) providers would be less likely to use opioid medications for Black vs. White patients, (2) this disparity would be more pronounced for providers higher vs. lower in implicit racial bias, and (3) the effect of patient race on provider opioid decisions would be greater under conditions of high vs. low clinical ambiguity. We also examined the relationship between the amount of time participants spent on each patient and their decisions across race and ambiguity conditions. Portions of this investigation were presented at the 2014 conference of the American Pain Society.
Methods

Participants
Participants were recruited from medical residency/fellowship programs across the United States via posted fliers (for local sites only), email, and word of mouth. Eligible participants were at least 18 years old, currently enrolled in an accredited medical residency/fellowship program in the United States, and involved in patient care at the time of the study. Medical residents/fellows were chosen because they provide patient care currently and will be fully independent physicians in the near future; thus, they provide meaningful and consequential data about patient, provider, and contextual factors that influence pain care. Also, as a practical matter, medical residents/fellows are often easier to recruit for research studies than are independent physicians. One hundred seventy one individuals contacted the investigators and expressed interest in the study. Of these, 21 did not provide any additional information that allowed us to determine their eligibility; thus, they did not complete the study. Six potential participants did not meet eligibility requirements (3 were not medical residents/ fellows, and 3 did not have access to an appropriate computer). Fifteen potential participants met eligibility requirements, were provided login credentials to access the website, but did not complete the study. This resulted in a final sample of 129 participants (75% of the initial pool) who completed the study. Just over half of the participants were men (54%), and the mean age was 29.6 years (SD = 2.7). Approximately 56% self-identified as White, 26% as Asian, 7% as Hispanic, 2% as Black, and 9% as other. The most represented states of residence were Texas (35%), Indiana (30%), Michigan (12%), and Illinois (10%). Over 75% of participants were currently providing care in an inpatient hospital or emergency room setting. Participants reported a wide range of clinical specialties; the most represented were anesthesiology (17%), internal medicine (12%), pediatrics (12%), and psychiatry (12%). Participants' reported average clinical experience with pain was 43.26 (SD = 21.88; rated on a 0-100 VAS anchored at "not at all experienced" and "very experienced").
Study Design and Procedure
We used a lens model design and virtual human technology for this study. The lens model is an analogue method used to examine individual decision-making. Inherent to this model is the assumption that individuals make decisions by attending to and weighting available information (cues) [12] . Lens model studies typically present a series of profiles that contain cues that participants may use to make decisions. Each profile contains a unique combination of cues. In this study, we were interested in one patient cue (race: White vs. Black) and one contextual cue (clinical ambiguity: Low vs. High). Four unique patient profiles were needed to represent each possible cue combination once (2 levels of race × 2 levels of ambiguity = 4). To enhance the reliability of the decision-making data and maximize statistical power (see Statistical Analyses section below), we created 12 unique computer-simulated patients so that each cue combination was presented thrice.
Patient profiles consisted of a video and text vignette. We used computer-simulated patient videos created with FaceGen software. This virtual human software allowed us to develop high fidelity computer-simulated patients that display standardized empirically-validated facial expressions of pain. We manipulated the facial features associated with pain to create two prototype pain expressions -one representing high pain and one representing low pain [13, 49] . We then "morphed" these expressions onto different computer-simulated patients, such that equivalent pain expressions were displayed by White and Black patients. This innovative feature confers a higher level of experimental control and realism than is possible with typical approaches (e.g., retrospective chart reviews, paper-pencil vignettes). We successfully used, standardized, and validated these patient stimuli in previous studies, and previous participants have rated the stimuli as highly realistic and reflective of actual clinical situations [33] [34] [35] [36] 58, 59] .
Each video was accompanied by a text vignette that contained information about the patient's presenting problem. Patients were described as presenting to the Emergency Department with acute pain due to either a long bone fracture or musculoskeletal low back injury. Patient-reported pain varied randomly across vignettes from 7 out of 10 pain to 9 out of 10 pain but always fell within the severe range of pain intensity [38] . Vital sign values were also included, but these varied minimally across patients and were always within normal limits. The specific text also varied across patients to increase study realism; e.g., different names were used, as well as specific features of the clinical situation. However, with the exception of race and clinical ambiguity, the information was equivalent across patients.
The patient profiles were presented in random order. Patient race was represented in the videos. Clinical ambiguity was categorized as high vs. low, and manipulated via pain etiology and congruence of facial expression and pain report. For patients in the high ambiguity condition, the vignette text described pain due to a musculoskeletal low back injury (e.g., acute onset of pain while lifting a heavy box). To further heighten the ambiguous nature of this condition, and because musculoskeletal low back pain often lacks objective evidence of pathology [11, 41] , the text vignettes stated that the patients' physical exam findings were unremarkable. High ambiguity patients also presented with an incongruent facial expression and pain report; specifically, they displayed a "low pain" expression in the video but reported a high level of pain in the text (7-9 out of 10). For patients in the low ambiguity condition, the vignette text described pain due to a long bone fracture (e.g., radius fracture due to a fall) that was confirmed upon x-ray. Low ambiguity patients also presented with a congruent facial expression and pain report; specifically, they displayed a "high pain" expression in the video and reported a high level of pain in the text (7-9 out of 10). Patients' facial expressions were standardized so that all patients representing "high pain" and all patients representing "low pain" projected similar levels of pain. A sample text vignette from a high ambiguity patient is presented below, with parenthetical content representing text from a low ambiguity patient. Participants completed the study online by accessing a website using unique login credentials. First, participants provided informed consent and completed the demographics questionnaire. Next, they read instructions about how to complete the task and then viewed and made clinical decisions for the 12 unique patients. For each patient, participants made decisions about the patients' pain level and their likelihood of using 3 different analgesics (parenteral opioid, oral opioid, and oral non-opioid) to treat the patients' pain. Patient profiles were presented in random order. The study took approximately 1 hour to complete, and participants were compensated with a gift card. Study procedures were approved by our institutional review board.
Measures
Demographics Questionnaire-Participants provided information about their sex, age, and race/ethnicity, and state of residence. They also indicated their current practice setting and clinical specialty.
Treatment Decisions-For each of the 12 patients, participants were asked to: "Rate the level of pain that this patient is experiencing. (0 "no pain" -100 "extreme pain")." For each patient, participants also responded to the following pain treatment item: "Rate the likelihood that you would use the following treatments to relieve the patient's current pain while in the Emergency Department." The treatment options consisted of (1) parenteral opioid analgesic (e.g., morphine, hydromorphone), (2) oral opioid analgesic (e.g., oxycodone, hydrocodone), and (3) oral non-opioid analgesic (e.g., acetaminophen, ibuprofen). Participants rated each treatment on separate 0-100 VASs anchored at "not at all likely" and "very likely." Implicit Racial Bias-The Race Attitude Implicit Association Test (IAT [26] ) asks participants to categorize facial images as Black vs. White and evaluative words (e.g., joy, horrible, pleasure, awful) as good vs. bad. On critical trials, participants press a designated key if the stimulus is a Black face or a good word and press another key if the stimulus is a White face or a bad word. On reverse trials, the categories Black and bad share a response key, and White and good share a key. The trial order is counterbalanced. The IAT score is equivalent to the difference in average response time on these 2 blocks of trials divided by the pooled standard deviation. This D algorithm is the most widely accepted method of calculating IAT scores given its superior measurement properties relative to the use of raw scores or other transformations [26] . Scores of .15, .35, and .65 are customary break points to indicate slight, moderate, and strong implicit preference for Whites over Blacks (https:// implicit.harvard.edu/implicit/demo/background/raceinfo.html). The underlying assumption is that concepts that are readily associated are sorted faster than concepts that are more weakly associated. Thus, faster responses to the White+Good/Black+Bad combined task compared to responses to the Black+Good/White+Bad combined task indicate a stronger association of White than of Black with good vs. bad. This response difference is interpreted as an implicit bias against Blacks. Despite controversy [19] , the IAT demonstrates good reliability and validity [46] . A meta-analysis of its predictive validity found the IAT predicted prejudice and stereotyping more effectively than did self-report [27] .
Explicit Racial Bias-Thermometer scales were used to assess participants' explicit racial bias. Participants indicated their feelings toward White and Black individuals on separate 0 (cold) -10 (warm) scales. The relative difference in feelings toward Whites vs. Blacks is represented by the difference in ratings between the two groups (White-Black); higher scores indicate more negative evaluations of Blacks vs. Whites. Thermometer scales are a widely used, reliable, and precise way to assess feelings and attitudes toward different social groups [1, 40] . The thermometers used in this study are consistent with those used in another study examining explicit and implicit racial biases [50] .
Statistical Analyses
A principal concern of lens model studies is the ratio of profiles to cues. These designs must strike a balance between statistical power and participant burden. A 5:1 profile-to-cue ratio is needed to estimate stable regression coefficients and adequately power the individuallevel analyses [12] . In this study, we manipulated 2 cues of interest (patient race and clinical ambiguity) and created 12 unique patient profiles, resulting in a profile-to-cue ratio that exceeded the 5:1 recommendation. This ratio permitted each possible cue combination to be presented thrice, which further enhanced study power at both the individual (idiographic) and group (nomothetic) levels of analysis [12] .
In accord with lens model methodology, we conducted both individual-level (idiographic) and group-level (nomothetic) analyses to determine the influence of patient race and clinical ambiguity on participants' pain assessment treatment decisions. Individual-level multiple regression analyses examined each individual participant's data. Patient race and clinical ambiguity were entered simultaneously as independent variables in step 1 of the model, and the race X ambiguity interaction term was entered in step 2. Participants' pain assessment and treatment decisions were the dependent variables in their respective models. The standardized regression coefficient (beta weight, β) for each independent variable indicates the unique contribution and relative importance of that variable in the participant's decision. To quantify the amount of variance accounted for by race and ambiguity in participants' decisions, the semi-partial correlation coefficients for each variable within each decision were squared, and descriptive statistics were used to summarize these values.
Following the individual-level analyses, we conducted group-level analyses to examine the pain assessment and treatment decisions for the overall sample. Participants' decision ratings for each cue combination were combined, and average decision ratings were calculated within each variable for each of the 4 decision domains (e.g., for patient race, average pain assessment ratings were calculated separately for White and Black patients). We then used repeated measures analyses of variance (rANOVAs) with Bonferonnicorrected pairwise comparisons to examine the main effects of race and ambiguity and the race X ambiguity interaction.
To examine participants' implicit and explicit racial bias, we first used descriptive statistics to characterized participants' responses to the IAT and feeling thermometers. A one-sample t-test was used to determine if the average IAT score significantly deviated from zero -a theoretically bias-free score. T-tests were used to examine differences in thermometer ratings for Whites and Blacks. Correlation analyses examined the relationship between implicit and explicit bias scores. Finally, to determine the extent to which racial bias played a role in participants' pain assessment and treatment decisions, we repeated the rANOVAs described above, with participants' IAT and thermometer scores included in the models.
Finally, we examined the amount of time participants' spent rating the patient vignettes. Using time-stamp data from the study website, we calculated the amount of time each participant viewed and rated each patient. We converted these time values to seconds and averaged them for each level of patient race (White vs. Black) and clinical ambiguity (low vs. high). We then used rANOVAs with Bonferonni-corrected pairwise comparisons to examine main and interaction effects for race, ambiguity, and bias (IAT and thermometer scores). Lastly, we used rANOVAs with Bonferonni-corrected pairwise comparisons to examine whether time spent (White vs. Black and low vs. high ambiguity) differed between participants who were and were not influenced by the manipulated cues (race and ambiguity).
Consistent with previous lens model studies examining pain decision-making [30, 31, 36] , we examined the results of individual-level analyses at both p < .05 and p < .10. The significance level for all group-level analyses was set to p < .05. Generalized eta-squared (η 2 G ) coefficients were calculated for effect size.
Results
The decision-making results are organized by assessment and treatment type. For each decision type, we conducted individual-level (idiographic) and group-level (nomothetic) analyses.
Pain Assessment
Race-Individual-level analyses indicated that six participants had a significant regression coefficient for patient race (p < .05; range of β: −.33 -.51), and 6 others had a race coefficient that approached significance (p < .10), indicating that patient race reliably influenced their pain assessment ratings. More specifically, of these 12 participants, 8 gave higher pain ratings to Black patients and 4 gave higher ratings to White patients. Group-level analyses (Table 1) indicated that, on average, there was not a significant main effect of patient race on participants' pain assessment decisions.
Ambiguity-Ninety participants were significantly influenced by clinical ambiguity when rating patients' pain (p < .05; range of β: −.99 -−.38), and another 7 had an ambiguity coefficient that approached significance (p < .10). All of these participants gave higher pain assessment ratings to patients in the low ambiguity condition (i.e., wrist fracture + congruent facial expression and pain report). Consistent with these individual-level results, group-level analyses indicated that low ambiguity patients were rated as being in significantly greater pain than high ambiguity patients (p < .001, η 2 G = .11).
Race X Ambiguity-For eleven participants (8 at p < .05; range of β: −.99 -1.29), race and ambiguity interacted to influence their pain ratings. Eight of these participants gave higher ratings to Blacks (vs. Whites) in the high ambiguity condition and higher ratings to Whites (vs. Blacks) in the low ambiguity condition. The other 3 participants showed the opposite pattern of results. Group-level analyses indicated a significant race X ambiguity interaction (p < .001, η 2 G = .13) such that in the high ambiguity situation, Black patients were perceived to be in more pain than Whites (p < .001), whereas in the low ambiguity situation, Whites were perceived to be in more pain than Blacks (p < .001). This interaction also indicated that the effect of ambiguity on participants' pain assessment rating was more pronounced for White than Black patients.
Parenteral Opioid
Race-Ten participants (4 at p < .05; range of β: .32 -.69) were reliably influenced by patient race when indicating their likelihood of giving a parenteral opioid in the ED. Nine participants were more likely to use this treatment for Black patients than for White patients. There was no significant main effect of patient race on parenteral opioid decisions at the group-level of analysis.
Ambiguity-Ninety-three participants (82 at p < .05; range of β: −1.00 -−.53) gave different treatment ratings for high vs. low ambiguity patients. The vast majority (n = 90) were more likely to give a parenteral opioid medication to patients presenting with a low ambiguity condition; this difference was also observed at the group-level of analysis (p < . 001, η 2 G = .10).
Race X Ambiguity-Patient race and clinical ambiguity interacted to influence the treatment ratings for 15 participants (8 at p < .05; range of β: −.90 -.99). Eight of these participants gave higher ratings to Blacks in the low ambiguity condition and higher ratings to Whites in the high ambiguity condition. The other 7 participants showed the opposite pattern of results. When the individual-level data were collapsed across the entire sample, a significant interaction emerged (p < .001, η 2 G = .11). Black patients received higher treatment ratings than White patients in the high ambiguity condition (p < .001); this race effect was reversed for the low ambiguity condition (p < .001). Considering this interaction from another perspective, ambiguity more strongly affected participants' parenteral opioid decisions for White than Black patients.
Oral Opioid
Race-Thirteen participants (7 at p < .05; range of β: −.64 -.53) were reliably influenced by patient race when deciding to treat the patients' pain with an oral opioid in the ED. Eight of these participants were more likely to give an oral opioid to White patients than to Black patients. When examined at the group level, treatment ratings for Black and White patients did not significantly differ.
Ambiguity-Seventy-eight participants (67 at p < .05; range of β: −1.00 -.99) made consistently different oral opioid decisions across the two ambiguity conditions. As with parenteral opioid decisions, most (n = 68) gave higher treatment likelihood ratings to low ambiguity patients than to high ambiguity patients. Moreover, low ambiguity patients received significantly higher ratings at the group level of analysis (p < .001, η 2 G = .05).
Race X Ambiguity-A significant race X ambiguity interaction was found for 17 participants (8 at p < .05; range of β: −1.34 -1.13). Similar to parenteral opioids, most (n = 13) of these participants gave higher oral opioid ratings to Blacks in the low ambiguity condition and higher ratings to Whites in the high ambiguity condition, whereas the remaining 4 participants gave higher ratings to high ambiguity Black patients and low ambiguity White patients. A significant race X ambiguity interaction also emerged when individual ratings were averaged across the sample (p < .001, η 2 G = .05). Black patients received higher treatment ratings than White patients in the high ambiguity condition (p < . 001), whereas White patients received higher ratings in the low ambiguity condition (p < . 001). This interaction also indicated that the effect of ambiguity on oral opioid decisions was significant and robust for White but not Black patients.
Oral Non-Opioid Analgesic
Race-Twelve participants (5 at p < .05; range of β: −.66 -.75) made reliably different decisions for Black and White patients when rating their likelihood of using an oral nonopioid analgesic for the patients' pain. Ten of these participants gave higher treatment ratings to Black than to White patients. Despite these individual-level results, group-level analyses indicated no significant differences in participants' treatment decisions for Black and White patients.
Ambiguity-Thirty-nine participants (31 at p < .05; range of β: −.98 -1.00) were influenced by clinical ambiguity when making oral non-opioid treatment decisions. In contrast to the opioid treatment ratings, the majority (n = 34) gave higher non-opioid treatment ratings to patients in the high ambiguity condition than to patients in the low ambiguity condition. Similar results were obtained at the group-level, such that high ambiguity patients received significantly higher non-opioid treatment ratings than low ambiguity patients (p < .001, η 2 G = .01).
Race X Ambiguity-For eleven participants (7 at p < .05; range of β: −1.35 -1.23), race and ambiguity interacted to influence their oral non-opioid treatment ratings. Six participants gave higher ratings to Blacks (vs. Whites) in the low ambiguity condition and higher ratings to Whites (vs. Blacks) in the high ambiguity condition. The other 5 participants showed the opposite pattern of results. At the group-level, the nature of the significant race X ambiguity interaction for oral non-opioid analgesics (p < .001, η 2 G = .01) differed from the opioid treatment ratings. Specifically, Black patients received higher nonopioid ratings than White patients in the low ambiguity situation (p < .001), whereas White patients received higher ratings in the high ambiguity situation (p < .001). Despite this different pattern of results, the interaction again indicated that the effect of ambiguity on participants' treatment ratings was significant and pronounced for White patients but not for Black patients.
Significance of Race and Ambiguity Cues
We quantified the amount of variance accounted for by patient race and clinical ambiguity cues by squaring their semi-partial correlation coefficients across the 4 decision domains ( Table 2) . Results of these calculations indicated that, on average, the amount of variance accounted for by patient race was 4% for pain assessment decisions, 4% for parenteral opioid decisions, 5% for oral opioid decisions, and 8% for oral non-opioid decisions. Clinical ambiguity had a stronger effect, accounting for an average of 52% of the variability in pain assessment decisions, 57% in parenteral opioid decisions, 44% in oral opioid decisions, and 24% in non-opioid decisions. The race X ambiguity interaction effect was similar in magnitude to the race main effect, accounting for an average of 4% of the variability in both pain assessment and parenteral opioid decisions, and 7% of the variance in both oral opioid and non-opioid decisions. As indicated in Table 2 (see range values) there was considerable individual variability in the magnitude of these influences. For example, although patient race was of little influence for some participants when making parenteral opioid treatment decisions, it was highly influential for others and accounted for as much as 48% of the variability in their treatment ratings. Clinical ambiguity was more influential, on average, for participants' decisions regarding pain assessment and opioid (parenteral and oral) treatment than for decisions regarding non-opioid analgesia, whereas patient race was more influential for this later treatment domain than for the former 3 domains.
Implicit and Explicit Bias
The average IAT score (average difference in response time on the 2 blocks of trials) indicated a moderate-to-strong implicit preference for Whites over Blacks (mean = .50, sd = .42), which significantly deviated from a theoretically bias free score of zero (t(122) = 13.19, p < .001). Similarly, responses to the feeling thermometers indicated that participants had significantly more positive feelings (t(128) = 5.25, p < .001, d = .46) toward Whites (mean = 77.37, sd = 20.75) than Blacks (mean = 73.61, sd = 23.23). IAT and feeling thermometer (ratings for Whites minus Blacks) scores were positively correlated (r = .24, p < .01), indicating that greater implicit preference for Whites (over Blacks) was associated with "warmer" feelings toward Whites (over Blacks). To examine the influence of participants' implicit and explicit biases on pain management decisions, we repeated the group-level rANOVAs presented above, with implicit and explicit bias scores included in the model. No significant main or interaction effects were observed for either IAT or thermometer items (all p values > .05), and the race and ambiguity results presented above did not appreciably change when bias scores were included.
Time Spent Making Decisions
The results of rANOVAs indicated that participants spent significantly more time on White patient vignettes than on Black patient vignettes (p < .05), but similar amounts of time on low and high ambiguity patients (p > .05). This main effect should be considered in light of a significant race X ambiguity interaction (F(1,128) = 14.58, p < .001, η 2 G = .01). Pairwise comparisons indicated that in the high ambiguity situation, participants spent significantly more time rating White patients than Black patients, whereas in the low ambiguity situation, participants spent more time rating Black patients than White patients. Not only was the direction of the ambiguity effect different for White and Black patients, but the magnitude of this effect also differed. Specifically, ambiguity had a more pronounced effect on time spent rating Black patients than White patients. There were no significant main or interaction effects involving IAT or thermometer scores (all p values > .05).
To further interrogate these data, we compared participants who were significantly influenced by race (n = 59, p < .10) when making pain management decisions to those who were not influenced (n = 70, p > .10). Participants who were influenced by race spent significantly more time rating White than Black patients (p = .01), whereas a significant race difference in time spent was not found among participants who were not influenced by race (p > .05). Analyses of the ambiguity data indicated that participants who used ambiguity (n = 119, p < .10) when making decisions spent significantly more time rating high vs. low ambiguity patients (p < .05), whereas participants who did not use ambiguity (n = 10, p > . 10) evinced no significant time difference between high and low ambiguity patients (p > . 05). These significant findings should be interpreted cautiously given the unbalanced nature of the groups.
Discussion
We used high-fidelity, virtual patient stimuli to examine the influence of patient race, clinical ambiguity, and provider racial bias on pain management decisions. A group-level significant interaction indicated that clinical ambiguity influenced providers' decisions for White but not Black patients. Individual differences among providers emerged for the effect of race and ambiguity on providers' decisions; however, provider racial bias did not account for this variability.
The results did not support our hypothesis that providers would be less likely to use opioids for Black patients. Previous clinical studies found White patients were more likely to receive opioids than Black patients [43] . Other studies, especially experimental ones, did not find racial disparities [32, 34, 56] . One potential explanation lies in methodology. Although previous clinical studies attempted to control for factors that may confound racial differences, accounting for all confounders is impossible. Despite gains in clinical relevance, this loss of experimental control reduces internal validity, thereby disallowing strong causal conclusions about racial differences. Our approach allowed us to manipulate race and ambiguity while holding other variables constant, thus maximizing internal validity even if not fully capturing the richness of actual clinical care. This is an important consideration for disparities research, particularly when attempting to draw conclusions across diverse studies with inconsistent results. Not all studies are created equal, nor should their results be equally weighted. One might reasonably privilege clinical studies that have high external validity. Nevertheless, experimental studies -especially those with enhanced realism -do inform our understanding of the causes of pain disparities.
This study is noteworthy for examining a race-by-ambiguity interaction. One interpretation of our findings is that Blacks received care that was less responsive to contextual information. Ambiguity characterizes many pain conditions and may or may not be relevant to treatment. We manipulated ambiguity via the presenting problem, objective findings, and facial expressions, all of which are relevant. Thus, it seems reasonable that providers were influenced by ambiguity, a pattern that was observed for White patients. However, for Black patients, providers' decisions were unchanged across ambiguity conditions, suggesting their care was less responsive to meaningful contextual information. Although this interpretation is consistent with findings that Blacks receive less optimal care than Whites [43] , the raceby-ambiguity interaction could be interpreted differently. One could conclude that Black patients received more consistent care, whereas White patients received variable care and in some instances may have been over treated. Similar results were found by Chibnall et al [9, 10] where lumbar surgery rates for White but not Black Workers' Compensation claimants exceeded normative rates. Barring a clear standard of pain care, it is difficult to adjudicate these two interpretations. There is clear need for continued development of evidence-based clinical guidelines so that all patients may receive optimal care. Additionally, future work should go beyond mere description of racial differences. For example, studies could further manipulate ambiguity to examine differences on this variable when the clinical information is less relevant to care than it was in this study. In accord with Aversive Racism Theory, one might hypothesize that treatment for Blacks would vary across irrelevant ambiguity manipulations -specifically, Blacks would receive less optimal care in high ambiguity situations, despite the fact that these ambiguity manipulations do not provide useful clinical information.
At first glance, the individual-and group-level interaction results conflict: although more participants gave higher opioid ratings to Blacks in the low ambiguity condition and Whites in the high ambiguity condition, the opposite pattern was significant at the group level. Two factors likely accounted for this apparent contradiction. The nature of the effect was split at the individual level (8 participants evinced the result described above, whereas 7 participants demonstrated the opposite pattern). This suggests the interaction effect, although statistically significant, was relatively smaller in magnitude for the 8 participants. The effect may have been more robust for the other 7 participants, so much so that it contributed to a significant group-level effect. It is also possible that non-significant individual-level effects summated to a significant group-level effect. Post-hoc examination of the data (not presented) suggested that both explanations contributed to the divergence of individual-and grouplevel results. Although not specific to race and ambiguity, similar "paradoxical" findings were recently reported [34] . Collectively, these findings highlight the importance of multilevel data analysis when investigating pain decision-making; sole reliance on group-level data may neglect important individual differences in treatment practices.
Another noteworthy feature of this study was its assessment of provider biases. Participants showed a moderate-to-strong implicit bias favoring Whites over Blacks and expressed more positive (explicit) feelings toward White than Black patients. These biases did not significantly predict pain decisions across patient race. Similarly, Sabin et al [51] and Haider et al [28] found that implicit racial bias was not associated with pain care provided by pediatricians and medical students, respectively. One might conclude that provider bias is not important. Another possibility concerns level of specificity. Like Sabin and Haider, we assessed general attitudes rather than specific stereotypic associations that might have a stronger bearing on care. For example, stereotypes that dehumanize Blacks might have a greater influence on pain decisions than the broad-based, general attitudes measured by feeling thermometers and the IAT. Just as the extent to which individuals implicitly associate Blacks with apes predicts their acceptance of violence toward Black suspects [21] , including Black male children [22] , so too might it predict the extent to which Blacks are perceived as capable of experiencing pain. In a study conducted after Hurricane Katrina, Whites perceived that Blacks were less likely than other Whites to experience uniquely human emotions such as anguish and remorse. In turn, the more such dehumanization occurred, the less Whites intended to provide aid to Black victims [14] . Together, these studies [14, 21, 22] suggest that some providers may feel less moral imperative to provide quality care to Black than White patients. This speculation could be tested by examining these more specific racial stereotypes to understand their contribution to pain disparities. Studies should also examine other provider factors (e.g., demographic and clinical characteristics) that are hypothesized to influence pain care for diverse patients.
We also examined the amount of time participants spent rating patients, a potential indicator of "investment" in care. One might expect participants to spend more time rating White patients. Conversely, if participants were more suspicious of Black patients -e.g., concerned about drug diversion [4, 29] -one might expect them to spend more time rating Black patients. Our participants spent more time on Whites in the high ambiguity condition and more time on Blacks in the low ambiguity condition. Moreover, ambiguity had a more pronounced effect on time spent rating Black than White patients, which is counter to the results for opioid treatment decisions. Although our time spent results do not lend themselves to clear interpretation, they are consistent with the notion that conceptualizations of disparities in pain care should include both process (e.g., time) and outcome (e.g., treatment) variables. Future work is needed to understand these variables better and determine whether educational initiatives [e.g., 8, 15 ] to improve provider decision-making and reduce disparities should target them individually or collectively.
Study limitations should be considered. First, because this study used VH patients and hypothetical scenarios, the results may not perfectly translate to pain care involving real patients. Relatedly, the study may have been face-valid and elicited socially desirable responding. Although many participants expressed awareness of the study purpose, their results did not appreciably differ from participants who expressed no awareness (data not presented). Second, race and ambiguity are only two factors that could influence pain management. Future studies should examine factors such as SES and patient preference that are likely relevant in this context. Third, we focused on ambiguity, per se, and did not attempt to independently isolate the effects of etiology and congruence. Studies that use a fully balanced design would provide a more nuanced understanding of ambiguity. Fourth, because we used an acute pain scenario, it is unclear to what extent these findings apply to chronic pain. Fifth, treatments other than opioid and non-opioid analgesics should be examined, as the processes examined herein may operate differently across treatments. Relatedly, the results concerning time spent raised more questions than answers; this study was intended to merely explore this process-oriented aspect of care so as to stimulate future work. Finally, our sample was composed of medical residents/fellows; thus, the results may not apply to other providers.
This study further elucidates the influence of patient, provider, and contextual factors on pain decisions. Given the prevalence and costs of pain, and the fact that providers see thousands of patients throughout their careers, there is a public health need for interventions that reduce disparities and improve pain care. Such interventions may benefit from the individual-level analyses employed herein, which allow for more precise targeting than onesize-fits-all approaches. These data also highlight the need to conceptualize pain disparities beyond differences in the prescription of opioid medications; attention should also be paid to the process of clinical care such as face-to-face time between patient and provider.
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